Objective: To assess whether variables from a postural control test relate to and predict falls 5 efficacy in prosthesis users. 6
in the future [8] [9] [10] [11] . In older individuals, variables related to increased CoP movement in the 55 mediolateral plane were strongly associated with future falls [8] [9] [10] [11] . The observation that 56 impaired balance is broadly associated with increased falls risk in older individuals 12 may be 57 of some relevance to prosthesis users, as even highly active prosthesis users have been shown 58 to have reduced balance ability when compared to able-bodied individuals 13, 14 . Therefore, 59
investigation is warranted into whether prosthesis users' postural control is associated or able 60 to predict a future risk of falling and/or decreased falls efficacy. A convenience sample of unilateral transtibial prosthesis users (PROS) were recruited from a 98 local prosthetic clinic using consecutive sampling. Inclusion criteria stipulated that 99 participants were a prosthesis user for over one year, were able to use their prosthesis without 100 pain or discomfort, were able to stand for at least two minutes at a time without a walking aid 101 in order to complete the LOS test. Prosthesis users were excluded if they had current 102 concomitant health issues, had ongoing issues with the contralateral or residual limb, or were 103 taking medication known to affect balance. All prosthetic foot-ankle complexes used by 104 participants were categorized as energy storing and returning 20 . In order to provide an 105 amputation independent reference for the PROS group, an age-and gender-matched control 106 group (CON) were recruited from the local community using the same inclusion and 107 exclusion criteria as the PROS group, excluding factors related to prosthesis use. All 108 participants gave written informed consent to participate in the study, which was approved by 109 ethical review boards. 110 M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT 6 using the Limits of Stability (LOS) test. The number of falls, assessed using a custom self-117 report questionnaire, and falls efficacy, assessed using the Falls Efficacy Scale-International 118 (FES-I) scale 21, 22 were assessed monthly from study baseline up to a six-month follow-up 119 and then at nine and twelve month follow-ups. 120
121

Experimental Protocol 122
Postural Control 123
Data collection was conducted in a University biomechanics laboratory. Participants' height 124 (m) and mass (kg) were recorded using a free-standing stadiometer and scales, respectively ameliorate any learning effects, and to improve the reliability of measures, participants 143 completed three tests of the LOS at both study baseline and six-month visits; the first two 144 being practice tests, with scores from the third test used in subsequent analyzes 25 . 145
146
Falling and Falls Efficacy 147
The number of falls and falls efficacy were evaluated using two questionnaires. 
Statistical Analysis 187
Initially, normality of data were assessed quantitatively, using a Shapiro-Wilk test, and 188 visually, using normal Q-Q plots, which informed the choice of the following statistical 189
analyses. The alpha level for all statistical analyses was set at 0.05. All statistical analyses 190 were conducted in SPSS v.23 c .
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Group Demographics 193
An independent samples t-tests were used to compare demographics (age, height and mass). 
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Limits of Stability 218
In order to account for any within-group variation in postural control over time, separate one-219 way analyses of variance were used to compare indices of postural control between study 220 baseline and six-month follow-up, in both the CON and PROS groups. Where the assumption 221 of sphericity was violated, a Greenhouse-Geisser correction factor was applied and multiple 222 post-hoc comparisons were accounted for using a Bonferroni correction. Paired-samples t-223 tests were used to compare whether indices of postural control were different between the 224 limbs (right/left) of the CON group, in order to assess inter-limb symmetry when comparing 225 data to the PROS group. The PROS group intact limb was compared to CON left limb and 226 PROS group prosthetic limb compared to CON right limb in group main effect analyses. 227
228
Results
229
Demographics 230
Twelve unilateral transtibial prosthesis users (females=2, age 53.6 ± 14.0 years, height 1.77 ± 231 0.07m and mass 78.3 ± 11.4kg) and twelve age and gender matched controls (females=2, age 232 53.6 ± 13.4 years, height 1.77 ± 0.07m and mass 81.5 ± 10.5kg) participated in the study. 233
There were no statistically significant differences between the two groups in relation to age 234 
Relationship Between Falls Efficacy and Postural Control 253
Predictors of FES-I scores and relationships between LOS and FES-I scores are presented in 254 Table 3 . Statistically significant results that also satisfied the criteria of the FDR method are 255 shaded (Table 3) . One participant from the PROS group (participant 11) was identified as an 256 outlier and removed from this analysis. Generally, LOS variables that related strongly to 257 FES-I scores indicated that increased FES-I scores were associated with increased reaction 258 time, decreased maximum and endpoint excursion, movement velocity and directional 259 control. This was particularly the case in the PROS group. All regression and correlation 260 analysis that revealed statistically significant effects were in the backwards direction (Table  261 3) and indicated that LOS scores were better able to predict FES-I scores in the PROS versus 262 the CON group. For example, the maximum excursion, endpoint excursion and movement 263 velocity in the backwards direction were able to explain 69%, 53% and 49% of the varianceM A N U S C R I P T
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Discussion 267
The primary aim of the current study was to prospectively assess whether LOS test variables 268 related to, and were are able to predict, FES-I scores in transtibial prosthesis users. The 269 hypothesis that better postural control would relate to and predict an increased falls efficacy 270 in prosthesis users was partially supported, as statistically significant effects were only 271 clinical implication of these findings is that a prosthesis users' ability to perform postural 299 movements in the backwards direction has some potential to be used as a screening tool, 300 adding to the known risk factors for falls and fear of falling in prosthesis users 3 . 301
302
The hypothesis that prosthesis users would experience more falls and report a decreased falls 303 efficacy when compared to the control group was only partially supported, given that while 304 falls efficacy was lower in prosthesis users, the number of falls experienced was similar 305 between groups. This was a surprising result given that both an increased fear of falling and 306 falls reported by prosthesis users is frequently and widely cited in literature 2, 3 . Prosthesis 307 users' falls efficacy reported in the current study was higher when compared to that from 308 prosthesis users with less (<1 year) prosthetic experience, who were of mixed 309 vascular/traumatic etiology 23 . One explanation for this could be that, having been screened 310 against the stated inclusion and exclusion criteria, the prosthesis users of traumatic etiology in 311 the current study could be considered relatively active and mobile. Patient characteristics 312 including amputation etiology, activity levels and prosthetic experience may influence 313 falling, thus explaining the lack of significant between-group differences reported in thisM A N U S C R I P T
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14 experience 16 . Therefore, it seems important to consider patient characteristics such as 316 different etiologies 2, 3 or different levels of prosthetic experience 23 when investigating the 317 relationships between, falls efficacy and postural control and when comparing falls efficacy 318 data to previous reports. This would also allow for improved interpretation of the falls 319 efficacy between sub-groups of prosthesis users. 320
321
With the exception of one participant in the PROS group, the number of falls reported was 322 relatively low in both groups compared to previous reports 2, 3 . Increased prosthetic 323 experience has been reported to be protective in terms of falls risk in prosthesis users 3 and the 324 high level of prosthetic experience in amputees in the current study may explain the relatively 325 low number of falls. Moreover, there were a similar number of fallers and non-fallers 326 between groups, with most fallers being recurrent fallers. The faller/non-faller split is similar 327 to previous reports from prosthesis users 4 . This is of clinical significance, given that 328 prosthesis users who fall more than once a year may be at increased risk of fall-related injury, 329 exacerbating associated socio-economic costs. This also suggests that being able to predict 330 falls efficacy and subsequent falls in potential recurrent fallers is imperative for timely 331 intervention. Although not within the scope of the current study, future research should 332 attempt to ascertain whether differences in falls efficacy and postural control exist between 333 prosthesis users who do not fall and those who fall more often. This would further refine 334 understanding of the relationships between postural control and falls efficacy established by 335 the current study. 336
337
Study Limitations 338
In the current study, the two groups were well matched, meaning the effects of lower limb 339 amputation may have been more easily isolated. Whilst this benefits the comparisons made inM A N U S C R I P T
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the current study, the prosthesis users had a wide range of ages and levels of prosthetic 341 experience, were relatively mobile, physically active and generally of traumatic etiology. 342
Less mobile prosthesis users of vascular etiology, with reduced and less varied levels of 343 prosthetic experience, may exhibit different balance issues compared to individuals from the 344 current cohort 30 .
It is yet to be ascertained whether the relationships explored in the current 345 study could be generalized more broadly to such a group, or indeed a more homogenous 346 group, regardless of group characteristics. that satisfied the definition adopted in the current study and which were included in statistical analyses. No falls were reported by the remaining participants. (-)  4 indicates that follow-up data were either not provided or provided outside of the specified timeframe. 
